In this work, three Schiff bases carrying acidic phenolic groups were synthesized derived from the reaction of salicylaldehyde with o,m, and p-amino phenols. A number of their physical and structural properties were determined by IR, UV spectra and melting points. The ionization constants of the synthesized Schiff bases were calculated at different temperatures by conductivity measurements. The effect of varying position of OH group with respect to the imine group on ionization constant was investigated. Depending on the results of varying temperatures, the thermodynamic functions of ionization were estimated.
Introduction
One of the most important problems of present day chemistry is the synthesis of a new substances and materials possessing a series valuable properties. Practically great prospects have been opened up in the synthesis and study of organic compounds having delocalized electrons because of the presence of conjugated bonds in the system. Schiff bases are compounds containing a carbon-nitrogen bond with nitrogen atom being connected to an aryl or alkyl group. The general formula of Schiff base is R C = N R  , where R and R  are alkyl or aryl groups, those make the Schiff base a stable imine (1) . Schiff bases have variety of applications in biological, clinical, analytical and pharmacological area (2) . A great deal of attention had been given to the chemistry of imines for the last three decades using various techniques such as UV, IR, NMR and Mass spectrometry (3) (4) . Electrical conductivity is proved to be rapid and accurate method for the determination of ionization constants of organic acids and bases (5) .In general, the values of ionization constants as observed by conductivity measurements are found to be affected by the chemical structure of the acid or base containing phenolic and other group as main factor, in addition to, steric effect and the formation of inter and / or intra molecular hydrogen bonds (6) .
There are various methods that can be employed for the determination of ionization constants which lead in the end for the calculation of pKa values of the weak acids and bases. Electrical conductivity is proved to be rapid and accurate method for the determination of ionization constants of orange compounds (3) (4) (5) (6) . In recent years, the values of pKa have been proven to be of great importance specially after the confirmation of its relation to various pharmacological properties such as analgesic activity and CNS depressant properties which were determined by potentiometric method for compounds like imidazole derivatives and Schiff bases (7-8) .
Experimental 1. Materials :
All the chemicals used in this study were supplied by the chemical companies Fluke, BDH and Molecula, and they were used without further purification.
Synthesis of the Schiff bases:
Three Schiff bases are employed in this investigation. They were synthesized by standard method (9) by mixing equimolar amounts of o,m, and p-amino phenol with hydroxybenzaldehyde as in the general equation shown below : 10 ml of ethanol is added to the mixture in order to facilitate dissolving the materials. The mixture was refluxed for 2 hours. The resulted solid was separated, washed, recrystalized with ethanol and dried. 
Conductivity measurements:
Electrical conductivity measurements are employed for the calculation of the values of Ka of the Schiff bases considered in this study. The measurements are carried out in the range of temperatures (20-60˚C ).
The following equations are used for achieving these calculations. Since the compounds considered are possessing two acidic protons, the average ionization process can be presented as follow:
……………(1)
and α = …………... (2) Where  is the degree of ionization, C is the molar concentration of the acid, Λ and Λ o are the equivalent conductances at certain and infinite dilution consecutively. The equivalent conductance (Λ, ohm -1 .cm 2 equi -1 ) is estimated using equation (3) .
Where L is the specific conductance (ohm -1 .cm -1 ) and C is the equivalent concentration (equiv.Liter -1 ) . The conductivity measurements are carried out as follow:
1. A stock solution (1.5 × 10 -3 equiv.L -1 ) of each imine was prepared by dissolving a certain amount of the compound with 10ml of absolute ethanol, and then completed to the required volume by deionized water. This solution was then used for the preparation of the other solutions with concentration varied in the range 2.0 × 10 -4 to -1.5 × 10 -3 equiv.L -1 . The conductivity of these solutions were measured of various temperatures (20-60˚C) . The equivalent conductance is estimated for each of them. 2. The solution with concentration (1.5 × 10 -3 equi.L -1 ) of each imine is converted into salt by titration with NaOH using phenolphthalein as an indicator, then used for the preparation of other solutions, in the same range mentioned above, by dilution and the conductivity measurements are repeated as in point (1) .
Instrumentation
The following instruments are employed for achieving this research . 
Results and Discussion

1.
Melting points Looking at Table (1), one may conclude that, the variation in melting points is due to the type and strength of hydrogen bonding in the three imines considered in this study.The presence of intramolecular hydrogen bond in the Salicylidene-o-hydroxy aniline compound could be the reason of the relative increase in melting point compound to the Salicyliden-m-hydroxy aniline and Salicylidene-p-hydroxy aniline compounds while the linearity of the molecule is facilitated the intermolecular hydrogen bonding in the Salicylidene-p-hydroxy aniline when compared to the Salicylidene-m-hydroxy aniline imine and was the reason of the relative increase of the melting point.
UV spectra:
The electronic transition spectroscopy is an efficient method for the prediction of the presence of hydrogen bonds. For this purpose, the UV spectra was recorded in the range of 200-450nm using two solvents of different polarities namely, CCl 4 (as non polar solvent) and ethanol (as polar solvent) in order to investigate the presence of hydrogen bonds. Table ( 2) illustrates the max  obtained in the two solvents, The differences between the wave numbers obtained in the polar and non polar solvents were of positive sign referring to the presence of hydrogen bonds. The type of these bonds cannot be distinguished by using this technique (10) ,so IR spectra were employed for achieving this job.
Values of ε max are higher than 1000 L.mol -1 .cm -1 indicating to electronic transition of *    type. 
3-IR Spectra:
In the beginning, theIR spectra of three Schiff bases were recorded in the solid form by using KBr. The obtained results did not give clear bands discriminating the type of hydrogen bonding. So the spectra were recorded as solutions in the carbon tetra chloride (CCl 4 )(10 -3 and 10 -4 M concentration)in order to determine the type of hydrogen bond in each compounds.
The intensities of the O-H band appeared in the rang 3374.05-3446.07 cm -1 were found to be less affected by dilution (10) in the ortho compound (Salicylidene-o-hydroxy aniline ),while decreased in the others indicating to the presence of intarmolecular hydrogen bonds in the Salicylidene-m-hydroxy aniline and Salicylidene-p-hydroxy aniline compounds. The bands obtained are listed in Table ( 3) and shows the followings:
1. Broad stretch bands in the range of ( 3446.07-3374.05) cm -1 referred to the phenolic hydroxide groups.
2.
Weak bands in the range (3045.95 to 3061.26) cm -1 referring to the stretch of aromatic C-H. 3-Strong bands in the range (1621.84 -1632.82 ) cm -1 indicating to the stretch of C=N group.
Table (3): Wave numbers (Cm -1 ) of some important bands of IR spectra recorded in solution of 10 -4 MCCl 4 of the considered Schiff bases .
Compound
Stretch 
Conductivity measurements:
The aim of this work is to calculate the values of Ka of the synthesized Schiff bases by conductivity measurements.Scince there are two types of electrolytes (11) , strong and weak, an important step must be undertaken in order to test the type of electrolyte that, the considered compounds are belong to ,which enable us to determine the way and choosing the suitable equations, for doing these measurements. For this reason, the Kohlrausch equation (eq .(4)) is selected to carry out this job by plotting the equivalent conductance (Λ) versus the square root of concentration of the electrolyte.
Λ=Λ o -b C ………..(4)
A straight line must be obtained when applying this equation onto strong electrolytes while curved lines should be obtained for weak electrolytes.
The plots obtained from the application of equation (4) on the three imines considered in this study and stated in Table (1)at The plots of Figure ( 1) proved that, these imines are weak electrolytes (weak acids due to the presence of phenolic groups),and equation (4) is not applicable in this case. For this reason, the imines were converted into their conjugated salts and equation (4) is reapplied onto the conductivity data of the salts at various temperatures. Straight lines are obtained in this time (Figure ( 2)) and they were used for the determination of the values of Λ o of the Schiff bases under consideration at various temperatures by employing the following equation:
Since the values of Λ oHCl and Λ oNaCl are known from the literature (12) and Λ o (SB) can be taken from figure (2) Looking at the results listed in Tables (4-6) , we could reach to the following:
1.
The increase of temperature decreasing the acidity (ionization) of the studied imines. This result is consistent with other study found in the literature (13) 
5-Thermodynamic study:
The thermodynamic study is carried out depending on the data obtained from the determination of the values of Ka at various temperatures(20-60°c).The change in the free energy of Gibbs (∆G°)is calculated from equation (5).
∆G° = -RT lnKa ………(5)
The valuesof ∆H° of ionization is estimated by applying Vant Hoff ' s equation (equation (6)).
Ln ka= constant -∆H° /RT ………….(6)
The plot of lnKa versus 1/T gives straight line with slope equal to -∆H° /R (see Figures(3) ).Equation (7) is used for determination of ∆ S°.
∆G° = ∆H° -T∆S° …………………….(7)
Figure (3): Relation between log Ka versus 1/T for Salicylidene-o-hydroxy aniline , Salicylidene-m-hydroxy aniline , and Salicylidene-p-hydroxy aniline bases.
The obtained values of the thermodynamic functions (∆G°,∆H° and ∆S°) for the studied systems are listed in Table (7) The results of Table(7) indicate the following:
The ∆G° of the ionization reaction of the studied systems are positive values, which means that, these reaction are non spontaneous. This result could be understood since the hydrogen of the phenolic groups of such weak acids are connected to the oxygen atom by covalent bonds and difficult to be ionized in aqueous solution.
2.
The ionization reactions of the studied system are exothermic processes indicated by the negative values of ∆H° .
3.
The negative values of ∆S° of the investigated system gives indication to the increase of the order of these system. Such contradiction with the expected results could be illustrated in terms of the rise of various type of molecular association and/ or inter and intramolecular hydrogen bonding. These results are consistent with other study found in the literature (14) .
4.
The values of ∆H° of the ionization reactions of the considered systems are reversely proportional with the values of Ka. This means that, the increase of Ka is resulted from weakening of the O-H bond and decreasing the non spontaneity of the ionization. 
6-Estimation of Λo(at 25 ˚C) of the ionization reaction:
According to the results listed in Tables (4) (5) (6) , the values of theΛ o obtained at various temperatures are used to estimate their values at(25˚C) by employing (11) equation (8)
Λ o(t) = Λ o(25) +B Λ o(25) (t-25) …………(8)
Where Λ o(t) is the equivalent conductance at infinite dilution at any temperature.Λ o(25) is the equivalent conductance at infinite dilution at25˚C, (t) is the temperature (˚C) and B is a constant, its value depends on the type and structure of the studied acid. According toequation (8) Table ( 8) . 
7-Theoretical Calculations:
In this work, the semiempirical Austin method(AM1) (15) is used for achieving the calculation of a number of structural and energetic The values of the calculated parameters are listed in Tables (9) (10) (11) . They are used for comparing the structures of the acids and their salts trying to find out the relation between these variables and the values of Ka. Looking at the values obtained listed in Tables (9-11) we may conclude the followings:
1. The ortho compound (Salicylidene-o-hydroxy aniline ) exhibited higher stretch and bonding energy than the others which may be resulted from the steric interaction induced by the OH group exist on the ortho position to the imine group. 2. The interaction of the non 1,4 Van der Waals type seemed to be as a stabilizing factor (negative value) in the acid and decreasing in the order:Salicylidene-o-hydroxy aniline >Salicylidene-p-hydroxy aniline ≥ Salicylidene-m-hydroxy aniline and decreasing the stability of the salt molecules in the opposite order:
(Salicylidene-o-hydroxy aniline ≤Salicylidene-m-hydroxy aniline <Salicylidene-p-hydroxy aniline). This trend of variation could be attributed to the presence of inter and intramolecular hydrogen bonding in the acid molecules, while such bonds are vanished in the salt molecules.
3.
Considerable decrease is noticed in the total energies of salt molecules due the rise of another type of interaction known as chargeto-charge interactions resulted from the simple and complete ionization of the salt molecules in the aqueous solution when compared to the ionization of the acidic molecules.
4.
The trend of variations in the differences between the energies of the LUMO and HOMO (ΔL-H) orbitals and the hardness of the molecules are consistent and vary in the order: Salicylidene-p-hydroxy aniline>Salicylidene-m-hydroxy aniline>Salicylidene-o-hydroxy aniline in both of the acidic and salt molecules, in spite of that, the salts having less values. This give an indication that, the salts are more active than the acidic molecules.
5.
The low values of the µ and ω of the acidic forms refer to that, the acidic molecules are more liable to accept electrons, and, therefore, more difficult to be ionized than the salt forms. 6.
The relative decrease of the electronic charges on the nitrogen atoms of the imine groups in the salt molecules with respect to the acid forms support the charge distribution over the two rings of the later due to resonance according to the forms suggested and presented in diagram(1). 7.
The overall variations discussed so far in the previous points did not give a clear relationship with the ionization constants of the studied compounds. This may indicate that, these parameters are either work together or oppose each other to give a net effect on the Ka values representing anon additive effect of variations (i.e a direct relationship between the Ka values and individual parameter could only be observed) .
